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In this study we explore how students' use of an
easily accessible and searchable database affects
theirperformance in clinical simulations. We do this
by comparing performance of students with and
without database access and compare these to a
sample offaculty members. The literature supports
the fact that interactive information resources can
augment a clinician'sproblem solving ability in small
clinical vignettes. We have taken the INQUIRER
bacteriological database, containing detailed
information on 63 medically important bacteria in 33
structured fields, and incorporated it into a
computer-based clinical simulation. Subjects worked
through the case-based clinical simulations with
some having access to the INQUIRER information
resource. Performance metrics were based on
correct determination of the etiologic agent in the
simulation and crosstabulated with student access of
the information resource; more specifically it was
determined whether the student displayed the
database record describing the etiologic agent. Chi-
square tests show statistical significance for this
relationship (J=3.922; p=0.048). Results support
the idea that students with database access in a
clinical simulation environment can perform at a
higher level than their counterparts who lack access
to such information, reflecting favorably on the use
ofinformation resources in training environments.
INTRODUCTION
The Coming Age of Information-Technology
Augmented Health Care Delivery
Access to interactive and on-line information
resources in medical domains has seen much growth
in recent years. These information repositories offer
the possibility of on-demand access to detailed
domain-specific information at nearly any point in the
diagnosis and treatment of a medical condition,
allowing clinicians to make more informed treatment
choices and students to learn this process. 12
Although some feel that universal acceptance and use
of electronic information resources has been slow in
coming to clinical settings, 3'4 the ubiquity of such
systems seems inevitable in the long term. The
educational process can play a catalytic role in these
developments. If currently enrolled medical students
are trained with extensive exposure to computer-
based information resources and decision aids, they
will be prepared to make use of these resources in
direct application to patient care. These trainees will,
in their turn, naturally become agents of change as
they graduate and enter the workforce as practicing
physicians.
At the same time these systems are being deployed in
medical education, vast integrated information
systems are being introduced into medical centers
offering electronic access to medical records,
radiographic films, and decision support systems.
Users of such systems are also able to access domain-
specific information resources such as drug databases
and literature databases such as Medline-- all from
the same workstations used for patient care. We feel
it is therefore imperative to understand how these
systems are used and how they affect performance of
physicians in real-world clinical settings.
Information Resource as Omnipresent Educator
Clinicians do not always have all the information they
need to deal with a clinical problem. Access to
information resources can offer clinicians further
insight into a problem at times when their personal
knowledge is not complete or fully adequate. This is
sometimes referred to as the 'teachable moment'-
whereby new information is made available to a
learner at a time when he/she is receptive to the new
information, and able to attend to it in the current
context. New information that is accessed and
synthesized in context is also more likely to be
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recallable for application to future situations to which
that information applies.
Health science students, being novices in their
respective fields, can be seen as experiencing more,
perhaps even continuous, teachable moments. Within
medical informatics this challenges us both to design
information resources that address learners' needs
and to study their effectiveness in this role. These
studies must go beyond perceptions of the learners
and beyond measures of information resource
accuracy and precision. It is necessary to employ
what Hersh calls outcomes-based evaluation, I where
evaluations would take into account the performance
of learners using the system rather than the
information resource on its own.
Clinical Simulations as the Basis of Outcomes-based
Evaluation
Outcomes-based evaluation of information resources
has been the major focus of the INQUIRER research
project that has been ongoing since 1985. Initial
studies in this project demonstrated that student
performance on short-answer clinical problems was
augmented through the use of a structured
information resource.6'7'8 Studies from this project
have also shown that the ability to enhance
performance with such information resources
persisted after personal knowledge of a domain faded
over time. Further research examined the format of
the information resource itself, particularly whether a
Boolean or hypertext search environment was more
effective in improving performance. 9,10
This paper furthers the work of the INQUIRER
project by integrating the use of a structured
information resource into the process of solving a
simulated clinical case. Past studies have shown how
database access can augment student performance on
short-answer problems. In these static, "one-shot"
problems, students were given information about a
patient's problem and asked to offer a diagnosis and
identify an etiologic agent. By contrast, in computer-
based clinical simulations, students are given
minimum amounts of information at the start of their
interaction and then must request additional findings
they consider relevant as the case unfolds. This
dynamic problem solving environment has much
greater fidelity to actual clinical practice. When
combined with an information resource that students
can access on demand, the simulation becomes a
more realistic laboratory for studying clinical
reasoning and how it can be enhanced.
In this study we explore how students' use of an
easily accessible and searchable database such as
INQUIRER affects their performance in clinical
simulations. We do this by comparing performance
of students with and without database access. To add
perspective to these findings, we also compare the
performance of students to a sample of faculty
members.
STUDY QUESTIONS
We address the following questions in this paper:
1. How does access to a bacteriologic information
resource affect student performance in a
microbiological clinical simulation?
2. When given access to such an information
resource, how often is it used and how does it
affect student performance in the simulation?
3. How does faculty performance compare with
student performance in such clinical simulations?
Study question 1 explores the differences in
performance between subjects with and without
information resource access. Study question 2 allows
us to explore whether the information resource is the
cause of any differences found in question 1. Study
question 3 explores the extent to which differences in
performance can be attributed to subjects' differing
levels of training and experience.
METHODS
Overview and Subjects
Addressing these questions required a study design
with three groups: students who would work a set of
clinical case simulations with access to an
information resource, students who would not have
access to the. resource, and faculty members who
would not have access to the resource. Subjects in
each group completed an assigned set of case
simulations and their performance was compared.
Study sites included the University of Pittsburgh
School of Medicine in Pittsburgh, PA, and the
University of North Carolina School of Medicine in
Chapel Hill, NC. Student subjects were nearing the
end of, or had completed their third year of medical
school. All had either completed their internal
medicine rotation or were in the midst of it. Students
were recruited via two strategies. Some were selected
randomly and then approached to participate in the
study. If a student declined, another potential subject
was randomly selected. Others were identified
through their ward attendings. Students were
compensated for participation in the study with
school bookstore gift certificates. All faculty
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members were academic general internists. Ten
students were recruited into each student group;
twelve subjects were recruited into the faculty group.
Case Simulations
The study was centered on a set of infectious disease
case simulations. The cases were incorporated into a
Macintosh-based clinical simulator created in
HyperCard specifically for this project. The
simulation employed a graphical interface through
which subjects were initially offered a brief
presentation of the simulated patient. Subjects were
then given the opportunity to request history and
physical examination data about the patient. Subjects
requested each desired item of information from
menus of available items. After selecting all desired
history and physical information, the subject was
required to enter between one and ten diagnostic
hypotheses, each hypothesis paired with a bacterial or
viral cause for that diagnosis. After entering these
initial hypotheses, subjects could request results of
diagnostic tests and were also free to request further
history/exam information. When subjects had
obtained as much information as they felt they
needed, they entered a final diagnosis of at least one,
and no more than five, diagnosis(es) along with a
cause for each. Subjects' entries of diagnosis and
cause were accomplished through the use of extensive
pick-lists, containing 47 possible diagnoses and 67
etiologic agents, with no availability for free text
entry. All entries were recorded in a log file and used
for later analysis. Subjects were required to complete
each case before proceeding to the next.
The simulations were designed to make available to
subjects the full spectrum of clinical information that
would be available in the actual patient care setting.
Overall, 44 history items in 6 subcategories, 60
physical items in 18 subcategories, and 87
lab/diagnostic procedure items from 5 subcategories
were available in each case.
INQUIRER Information Resource
The INQUIRER database contains detailed
information on 63 medically important bacteria in 33
structured fields that detail both basic biological and
clinical properties.6'7 Using a menu-based front-end,
users could both browse and conduct Boolean
searches of the database. Students who were assigned
to the INQUIRER group were free to access the
INQUIRER resource as many times as they wished
and at any point during a given simulation. Using
omnipresent buttons on the screen, students could
toggle freely between the simulation and INQUIRER.
When students left the simulation, their work on the
case was suspended. After a subject had completed
browsing and/or searching the information resource,
he/she returned to the simulation exactly where it had
been left.
Subjects' activities in the INQUIRER resource were
logged. Information was collected regarding the type
of information seeking performed within INQUIRER:
whether subjects browsed the bacteriology concept
records or if a keyword search was used. If at any
point in his/her work on a case, whether through
browse or search, the subject displayed the correct
etiological agent for that case, a note was made that
the subject had 'seen the correct record'. The number
of times INQUIRER was accessed per case was also
recorded.
Cases
The computer-based clinical simulations incorporated
8 clinical case scenarios with 2 each chosen from 4
infectious disease domains: meningitis, pneumonia,
cellulitis, and urethritis. The cases were derived from
the clinical experience of an infectious disease
specialist (co-author ENR) and were presented to
subjects in random order. Analysis is based on four
cases per subject, one from each domain.
Training
Study participants were initially trained in the use of
the case simulation by completing a training case
under the supervision of a research assistant.
Subjects were shown how to request patient
information as well as how to enter a differential
diagnosis and cause for each diagnosis. Additionally,
students who would have access to the INQUIRER
information resource were trained in its use and how
to toggle between the database and simulation.
Data Analysis
Addressing our research questions required a metric
indicating whether a subject's performance on a case
was "correct." Because these were bacteriologically-
oriented simulations, we elected to score performance
based on identification of the correct etiologic agent
rather than correct diagnosis. In many of the cases,
diagnosis of the disease (e.g. pneumonia) was
relatively straightforward, leading us to expect high
scores for all subjects; that is, the cognitive and most
clinically relevant challenge was the etiology.
Subject performance with a case was therefore scored
"correct" if he/she successfully determined the
causative agent for the disease represented in the
simulation. Since subjects were able to enter multiple
causative agents, we used only their first response.
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To examine how the INQUIRER resource was used,
we noted whether a subject working a case chose to
explore the information resource at all, and if so
whether he/she had used the resource such that the
record for the correct etiologic agent for that case was
displayed. These logs allow us to gauge whether
INQUIRER use had any impact on performance
scores between the student groups.
Analyses included comparing numbers of cases with
correctly identified etiologic agents between groups,
using a chi-square test for statistical significance
between student groups, and a chi-square test within
the student group which had INQUIRER access. In
the latter case, we crosstabulated the cases where
etiologic agent was correctly or incorrectly identified
with those where the subject had displayed the
INQUIRER record containing the causative agent.
RESULTS
Addressing study questions 1 and 3, Table 1 reports
for each group the proportions of cases for which the
etiologic agent was correctly determined. Students
with access to the INQUIRER database (n=10) were
able to determine the correct agent causing the
simulated patient's condition in 55% of cases while
students without database access (n=l0) identified the
correct agent in 38% of cases. Faculty working
without INQUIRER scored closer to students with
database access, identifying the correct agent in 50%
of the cases (n=12). Differences between student
groups was not significant using the chi-square
statistic.
To address study question 2, we focused on the data
gathered from the student subjects who had
INQUIRER access. Results by case show that
students accessed the information resource in 68% of
the cases (27/40). All students chose to access the
system at least once in their four cases with a mean of
1.7 accesses per student.
The measure of correctness of etiologic agent
(whether the student identified the correct agent at the
end of the simulation) was crosstabulated with
whether student's use of INQUIRER displayed the
record for that causative agent. This analysis results
in the contingency table shown in Table 2.
INQUIRER searches resulted in the correct record
being displayed in 18 cases, with 22 cases not having
displayed the correct database record ( X2=3.922;
p=0.048). It is important to note that of the 22 cases
where the correct database record was not displayed,
INQUIRER was not used in 13 of these cases, and








of Cases 22 15 24
Correct (55%) (38%) (50%)
Number
of Cases 18 24 24
Incorrect
Total 40 39 48
* One case was lost from this group.




Saw Correct Yes i h 5
Record
No 9 13
Table 2. Table of Correct Etiologic Agent by Saw
Correct Record
DISCUSSION
This study examined how access to an information
resource can assist learners in the process of solving a
clinical problem. This study extends our own
previous work, and that of other researchers, by
creating a problem solving environment consisting of
interactive case simulations integrated with the
INQUIRER bacteriology information resource.
Although our results did not reach statistical
significance, they suggest that students with database
access in a clinical simulation environment can
perform at a higher level than their counterparts who
lack access to such information. Students with
database access performed on these simulations at a
level comparable to medical faculty members who
worked the cases without database access. The
comparability of faculty and student performance
with INQUIRER does not, of course, mean that a
computer-based information resource brings novices




simulation captures only some aspects of the
complete spectrum of clinical skills. Nonetheless,
this finding reflects favorably on the use of
information resources in training environments.
To gain insight into how the information source may
have engendered these effects (study question 2), we
also looked at patterns of INQUIRER usage and what
types of information were displayed by the database.
Students were instructed to access the database when
they felt it would be helpful in the course of the
simulations and did so for 27 of 40 cases. Of these
27 cases, the database displayed the record of the
correct etiologic agent in 18 cases. Display of the
correct record does not guarantee that INQUIRER
was the reason a student correctly identified an
etiologic agent. However, the higher rate of correct
identifications when the "correct" database record
was displayed suggests that INQUIRER is very likely
the source of performance difference between the two
student groups.
Although we have logs describing which records were
accessed in INQUIRER, we cannot be sure that the
subject actually took note, or 'mentally processed' the
correct record when it was displayed. Subjects may
have passed over the correct agent despite its being
displayed, causing our log files to show the subject
had 'seen the correct record'.
Because this was not a strictly randomized study, we
were not able to control for differences in ability or
aptitude between the two student groups which may
have led to the observed performance differences. A
larger sample employing a fully randomized design is
needed to confirm our findings. Such a study is
currently underway by the authors and should address
these issues with greater certainty.
If future studies confirm these results, we may expect
students to incorporate computer-based information
sources, in addition to traditional methods of
information gathering such as colleagues and print
resources, into their daily workflow as they complete
their training and move forward into practice.
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